ecent waves of globalization are putting enormous competitive pressure on businesses across the world. The two main drivers behind this are Information and Communication Technologies (ICTs) and trade liberalization. This increase in global competition forces less competitive firms to cut back operations, move plants overseas, or close altogether. In order to survive and hopefully thrive in this challenging and increasingly integrated global economic landscape, firms and governments need to stay continuously innovative, both in production processes and product launching. For emerging economies, these challenges are perhaps particularly mounting because the current global economic recession will continue to test the sustainability of their labor-intensive, exportdependent growth. 1 In this paper, we will use patent counts as the innovation variable along with some more commonly known macroeconomic variables to develop an empirical model to distinguish variables that are particularly associated with growth in innovative activities in emerging versus developed economies. The organization of the paper is as follows: we discuss theoretical background in section 2, explore data and describe variable creations in section 3, analyze regression results in section 4, and make some concluding remarks in section 5.
Theoretical Background
There is a dearth of literature examining the macro-aspects of the determinants of innovation. Most studies on the determinants of innovation use either firm-level or industrylevel data with variables such as firm size, R&D intensity, trade share of GDP, networking or inter-industry linkages, spillover effects of agglomerations, etc. (e.g., Battacharya and Bloch, 2004; Sun and Du, 2010; and Rogers, 2004) . 1 According to a Goldman Sachs forecast, GDP growth rates for four of these five countries between 2006 and 2050 will be particularly remarkable (879% in Brazil, 1,137% in Russia, 2,432% in China, and 2,550% in India). According to a study published by PricewaterhouseCoopers (2011), South Africa's GDP will grow by about 402% between 2009 and 2050. However, the same reports predict much humbler growth rates for most of the industrialized countries. According to the Goldman and Sachs report, between 2006 and 2050, the U.S. GDP is predicted to grow by 206%, The U.K. by 207%, Germany by 197%, and Japan by 197%. The PricewaterhouseCoopers (2011) study report predicts Australian GDP growth to be 169% using market exchange rate measure. The data suggests a clear repositioning of global economic growth centers, whereby emerging economies will move towards the forefront of global economic activities.
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After analyzing firm-level innovation and employee diversity data, Ostergaard and Timmermans (2011) report a positive relationship between innovation and both gender diversity and educational diversity, but they did not find a significant positive effect of ethnic diversity on firm-level innovation. In this paper, we use a measure of ethnic diversity at the country level and examine its impact on national patented innovation activities. Sun and Du (2010) analyze Chinese firm-level data to study the relationship between patent grants and several economic variables such as new product sales, R&D, spillover effects of foreign investments, and amount of export and find in-house R&D to be the most important factor in innovative activities. Wan et. al (2005) focus on qualitative factors and confirm positive correlations between innovation and factors such as decentralized structure, organizational resources, emphasis on innovative risk-taking, and exchange ideas. Love and Roper (1999) find a positive influence by R&D, technology transfer, and networking on innovation. Further, they report that technology transfer and networking are the more important factors in increasing innovation activities. After analyzing firm-level data from 27 emerging economies Gordonichenko, Svejnar, and Terrell (2010) arrive at a robust positive relationship between innovation and foreign competition.
We contend that the major driving forces in the current wave of globalization are advances in ICTs and trade liberalizations. This new era of globalization began in the mid 1990s and was facilitated by the mass use of the Internet and the emergence of trade organizations such as the WTO, NAFTA, Mercosur, etc. In this paper, we use country-level data to examine the impact of trade, technology, R&D expenditure, higher education, and some control variables on patented innovations in the five OECD countries and the five BRICS. We attempt to identify the direction and magnitude of impact of some normalized macrovariables on the volume of patented innovations in the five industrialized countries and five emerging markets between 1997 and 2010.
DATA
We analyze a data set of ten countries over twelve years. We extract the patent volume data for these countries from U.S. Patent and Trade Organization database and the macroeconomic, fiscal, and other control variables from the World Bank database. We estimate the impact of determinants on innovation using the following baseline econometric specification: The variable Diversity is calculated as an inverse ratio of the percent of the largest ethnic group to the percent of the rest of the people in the country, i.e.,
Diversity
.
For example, if the largest ethnic groups in country A and country B are 60% and 75% respectively, then their diversity indices will be 66.67 and 0.33 respectively, and, in that case country A will be taken as more ethnically diverse than country B. The variable R&D is calculated as R&D expenditure as a percent of GDP. The variable 'TertiaryEd' implies enrollment in post-secondary education as a percent of all enrollment. All these variables are expected to display positive correlation with innovation.
The subscript c stands for the ten countries (the five OECD countries and the five BRICS), and the subscript t stands for the years from 1997 to 2010. A variant model includes some fiscal variables where the corporate income tax and income tax variables are representing highest marginal rates. Our main variables of interests are the coefficients of the variables that are a proxy for technology and trade liberalization -the two main drivers of the current wave of globalization. We are also interested in the coefficients related to the diversity variable. All the explanatory variables are interacted with a binary variable BRICS that takes on a value of one (1) if the country is represented in BRICS and a value of zero (0) if not. We expect the coefficients of these interaction variables to convey important information regarding the difference in the relative effectiveness of these variables to influence patented innovation activities in the BRICS versus OECD countries.
Our baseline regression specification is that of a random effect model. We run both random effect and fixed effect models with a variant specification (including some fiscal variables) for robustness check. Regression results of the fixed effect model will be more relevant under the assumption that there are some factors within each individual country that may impact or bias the predictor or outcome variables and we need to control for these. The random effect model regression results will be relevant under the assumption that the variations across countries are random and uncorrelated with the predictor or independent variables included in the model. As Green (2008) explains, the main distinction between fixed effect and random effect is whether the unobserved individual effect includes elements that are correlated with the regressors in the model, not whether these effects are stochastic or not. For each case, we report robust standard errors, and before describing the regression results, we explore the data graphically to better understand the underlying trends if any. Now, we briefly describe some of these charts and tables.
Patent Count. For the five OECD countries, patent share is large yet decreasing. For the BRICS, however, patent share is meager yet rising. Charts 1A and 1B display the per capita patent count for the five OECD countries and for BRICS, respectively. Among five OECD countries, the U.S. led the way in 2009, followed by Japan, Germany, the U.K., and Australia respectively. Among the BRICS, South Africa is the most innovative economy, followed by Russia, Brazil, China, and India respectively. See Table 1 , Chart 1A, and Chart 1B for detail. Import / Export. Among the OECD countries, import as a percent of GDP in 2009 was highest in Germany, followed by the U.K., Australia, the U.S., and Japan. For export as a percent of GDP, however, Japan came in highest, followed by the U.K., Germany, and the U.S. 2 Among the BRICS, import as a percent of GDP was highest in South Africa, followed by India, China, Russia, and Brazil. Export as a percent of GDP was highest in Russia, followed by South Africa, China, India and Brazil. See Charts 2A, 2B, 3A, and 3B for detail.
CHART 2A
Source: Authors' creation using data from the World Bank database.
2 Australian export data for 2009 was not available in the database used at the time of writing this paper. 
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CHART 6
Source: Authors' creation using data from the CIA's World Factbook database.
REGRESSION RESULTS
We run both random effect and fixed effect regression models and summarize the results in the Table 3 . In columns 2 and 3 of Table 3 , we report the results of the baseline regression model, and in column 4 and 5, we report the results of a variant model after incorporating some fiscal variables. We have reported robust standard errors to correct for the heteroskedasticity. We have reported both the random effect and fixed effect models for further robustness check. Note: We report robust standard errors in parentheses and emphasize statistical significance of the estimated coefficients at the conventional 10% (*), 5% (**), and 1% (***) levels. InNet = percent of people with access to Internet. The binary variable BRICS takes on a value of 1 for BRICS countries and 0 otherwise. Trade openness is measured as ratio of value of export plus import to GDP.
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Despite popular presumption that the Internet has leveled the innovation playing field by making distance communication and knowledge sharing faster and cheaper, in our regression results, we hardly find statistical evidence supporting the popular contention. In our baseline specification, the correlation coefficient for Internet access is positive for both the random effect and fixed effect models, but neither of them is statistically significant. However, in the alternative specification, the correlation coefficient is statistically significant for the random effect model and not for the fixed effect model. When we multiply the Internet variable with the binary BRICS variable, the coefficient of the interaction variable shows mixed signs, and none of them are statistically significant. Thus, we contend that the Internet is yet to emerge as a major driver of innovative activities in emerging countries.
Both in the baseline and variant random effect models, the Diversity variable is found to be positive and statistically significant at conventional levels. However, in the fixed effect models, this variable is positive but statistically insignificant. The ethnic diversity variable, when interacted with the BRICS binary variable, turns out to be positive but statistically insignificant for the baseline model. For the variant model, the correlation coefficients displayed mixed signs, and none of them were statistically significant. We contend that the BRICS countries are yet to capitalize on their ethnic diversity as a driving force of innovation.
The estimated coefficient of the variable Energy is positive but statistically insignificant. However, the coefficient of the power interaction variable is positive and statistically significant at the conventional levels in the baseline (random effect) model and positive but statistically insignificant in other models. From this result, we contend that emerging economies can improve their innovation performance by improving the generation and distribution of electricity so that per capita power consumption may rise.
The coefficients of the variable TertiaryEd turn out to be statistically significant when it is interacted with the variable BRICS for random effect models. We contend that investment in higher education in BRICS economies will earn positive dividends in the form of increased patented innovation.
Correlation coefficients of the variable R&D expenditure are positive and statistically significant across model specifications, and the coefficient is negative and significant in the BRICS interaction variables. This suggests that productivity of R&D expenditures in terms of increased innovation activities is significantly lower in BRICS compared to that in five OECD countries.
The correlation coefficient of the variable trade Openness is positive and statistically significant in the baseline specification (fixed effect model), but when we interact the variable with binary variable BRICS, the coefficient is positive and statistically significant for both the baseline (fixed effect) model, and alternative specification (both random effect and fixed effect models). From this result, we contend that the new wave of trade In the variant model, we control for some fiscal variables such as corporate income tax (CIT) and personal income tax (PIT). The coefficient for the CIT variable is positive and significant in the random effect model, and the coefficient for the PIT is ambiguous in signs across random effect and fixed effect models. None of them are statistically significant. The positive association between CIT rate and innovation needs to be interpreted with caution. According to the rent-seeking model of public economics, when an economic agent (firm or individual) earns economic profit or 'rent,' the government may take away a portion of that economic rent through levying taxes at higher (confiscatory) rates, which may result in the positive correlation between innovation and higher tax rates in the data. 
Conclusions
This paper, to the best of our knowledge, is the first study of the impact of macro-variables on innovative activities in BRICS. In the reported regression results, the estimated coefficients of some of the determinants did not conform to our hypothesis. Perhaps regressions using a longer panel dataset containing data from more OECD countries and more emerging economies (beside BRICS) would produce more intuitive results. Another limitation can be our model specification. We may have omitted some important variables. For example, differences in agglomeration economies or public policy priorities across BRICS and the OECD countries may also be contributing to the observed differences in terms of productivity of innovation activities in these two groups of countries. Also, other structural factors such as differences in legal environments related to intellectual property rights enforcement and differences in prospects of commercialization of patented knowledge due to variations in market sizes may lead to varied rates of innovation productivity as measured by patent counts. We could not test the impact of these above mentioned variables in this paper due to data constraints. With availability of more comprehensive time series data, future research efforts will be well spent in testing the impact of these variables on productivity of innovative activities using more comprehensive models.
